X-ray Crystallography. Single-crystal X-ray diffraction measurements were carried out on a Bruker SMART CCD diffractometer using graphite monochromated Mο Kα radiation (λ = 0.71073 Å). An empirical absorption correction was applied using the SADABS program. 1 All structures were solved by direct methods and refined by full-matrix least squares on F 2 using the SHELXL-97 program package. 2
and energitcs for all of stationary points along the reaction path are listed in Tables S4-7 . To properly describe the reaction profile dispersion effects (D3) had to be considered for these sterically encumbered thorium complexes. The implications of the dispersion correction on the overall energy profile can be seen in Figures S3 and S4 .
In imido complex 1, the thorium-nitrogen interaction is described by the three highest molecular orbitals (MOs) ( Figure S1 ). The HOMO-13 describes the σ-interaction between N and Th atoms, whereas the HOMO and HOMO-3 describe the π interactions, labeled as π 1 and π 2 bond, respectively. 5f orbitals are involved in forming the Th=N bond, and the Wiberg bond order is 0.92. This means that the πbonding between the Th and N atoms is weak and that the Th=N bond is strongly polarized. Consistent with this picture a natural bond orbital (NBO) analysis gives a charge of +2.15 on Th, -0.39 on 1,2,4-(Me 3 C) 3 C 5 H 2 , so that the total positive charge on [1,2,4- (Me 3 C) 3 C 5 H 2 ] 2 Th fragment is +1.37, whereas the charges on the imido moiety are -1.41 on N, and +0.04 on the p-tolyl group, resulting in a total negative charge on the nitrene fragment of -1.37. In addition, the NBO analysis reveals that the σ-bond is formed by a nitrogen sp-hybrid (55% s and 45% p character) donating to a vacant Th orbital. Furthermore, one Th=N π bond (π 1 ) is polarized towards the nitrogen atom and consists of a pure 2p nitrogen-based orbital (89%) and a thorium hybrid orbital (11%) of 39% 5f and 55% 6d and 6% 7p character, whereas the other donor-acceptor π-interaction (i.e. the Th=N π 2 bond) between the nitrogen 2p orbital and the thorium orbitals is only small, since the thorium contribution is less than 5%. From all these observations we conclude that the π-interaction results mainly from Coulombic attraction between the oppositely charged atoms over a short distance augmented by a small orbital contribution and that the covalent contributions to the bonding are small. This clearly supports the picture of a very polarized double bond and it should be better described as Th + -N -. In addition, it also establishes the involvement of the thorium 5f orbitals in the formation of a weak π-bond. Figure S1 . Plots of HOMOs for complex 1 (the hydrogen atoms have been omitted for clarity). the conversion of 3a to 4 was monitored by 1 H NMR spectroscopy in C 6 D 6 solution at 343 K ( Figure S5 ).
Figure S2.
One complication in the kinetic evaluation of this reaction arises from the limited solubility of H 2 in organic solvents, so that the equilibrium changes with the head space volume. Reproducible results were obtained with a solvent volume (0.5 mL), a headspace volume (2.2 mL) and a concentration of 3a of 0.05 mol/l. The reaction reached equilibrium after 3h at 70 °C with a ratio of [4] /[3a] = 0.37. Unfortunately, the exact concentration of H 2 in solution cannot be determined reliably by NMR spectroscopy, which makes a precise determination of the rate constant and therefore the barrier difficult. Figure S5 . c vs. t plot for the thermal conversion of 3a to 4 at 70 °C recorded in C 6 D 6 solution.
However, to get a rough approximation of reaction kinetics we analyzed the data in the following manner. 7
Assuming that H 2 is still completely dissolved in solution c(4) = c(H 2 ) and that c e represents the equilibrium concentration of 3a, the kinetics can be described by the following equation: where a = c 0 (3a), x = c 0 (3a)-c t (3a), x e = c 0 (3a) -c e (3a). Figure S6 shows the data presented in Figure S5 analyzed by this approximation. The linear fit is of reasonable quality and a value of k = 5.88(2) x 10 -5 s -1 can be derived from this analysis which corresponds to a barrier ΔG ‡ (3a→ 4 + H 2 ; 343 K) = 26.8 kcal·mol -1 . 
